We report on the molecular beam epitaxy (MBE) growth of high crystalline quality LiMnAs.
INTRODUCTION
Molecular beam epitaxy (MBE) has proven to be an unrivaled technology for preparing high quality thin-film crystalline materials and layered heterostructures. While it became a standard growth technique in the field of group-IV, III-V and II-VI semiconductors, no epitaxial growth has been reported until recently [1] for compound materials containing group-I elements. Yet, materials of this class exhibit a variety of properties of basic science and application interests. These include semiconducting band structure (e.g. LiZnAs, [2] , or LiMnAs, [1] ) combined with high-temperature antiferromagnetism (e.g. LiMnAs, KMnAs, [3] ) or with the predicted ferromagnetism in dilute moment sytems (e.g. LiZnMnAs, [4] ), and with structural compatibility to III-V zinc-blend materials [1, 5] .
Materials from the I-Mn-V group were previously synthesized from elements by high temperature reaction [3, 5] . These materials are powder-like, polycrystalline, and sensitive to air moisture. LiMnAs, which we focus on in this paper, crystallizes in tetragonal space group with lattice parameters a = 4.26Å and c/a = 1.45, as determined from x-ray diffraction (XRD) measurements [5] . The spin ordering was determined by neutron diffraction to be antiferromagnetic above room temperature [3] .
The fact that MBE growth of LiMnAs, as well as of other group-I compounds, has remained a virtually unexplored territory is likely a result of the common prejudice that high concentrations of strongly reactive alkali metals might damage the MBE system. An indication that this may not be the case and the first study of LiMnAs epilayers has been recently presented in Ref. [1] . While the report [1] focuses on the semiconducting nature of antiferromagnetic LiMnAs and outlines a general strategy for employing high-temperature antiferromagnetic semiconductors in spintronics, in this paper we provide a more detailed description of the MBE growth of LiMnAs.
MBE GROWTH
In addition to common sources of arsenic (As 4 ) and manganese, the MBE system (Kryovak) was equipped with an effusion cell containing elemental lithium (in the form of solid [6] .
bers [6] . During the growth, the stoichiometric ratio of Li, Mn, and As was adjusted, with a slight excess of As. The corresponding cell temperatures and beam-equivalent pressures are summarized in Tab. I for the case of the growth rate of ≈ 0.2 µm/hour, used in our experiments.
The zinc-blend InAs with the cube lattice parameter 6.06Å and the tetragonal LiMnAs have identical arrangements in the lattice of the common As planes and the respective As-As bonds are of a very similar length (the difference is 0.4%), as illustrated in We started the growth of LiMnAs directly on the desorbed InAs substrate surface, without any MBE grown buffer layer. Very quickly after opening the cell shutters a clear, streaky RHEED pattern evolves, showing the (1x1) symmetry of the surface and the 2D growth mode, as ilustrated in Fig. 2 . This RHEED pattern remained stable even throughout the longest growth time attempted in our experiments which was three hours, corresponding to the film thickness of ≈ 0.6 µm.
The RHEED images of growing LiMnAs are in a striking contrast to those recorded during the growth of a reference MnAs epilayer. If the Li-cell shutter is closed during the growth, under otherwise identical growth conditions, a spotty RHEED pattern quickly emerges which corresponds to the mismatched and poorly growing hexagonal lattice of MnAs [7] .
The RHEED growth oscillations were not observed during the growth of LiMnAs. Instead, we calibrated the growth rate ex-situ by measuring (by the Dektak profilometer) the total film thickness across the wafer edges masked during the growth by the sample holder. The reflectance spectroscopy was employed for monitoring the growing LiMnAs layer in-situ. For this purpose we use the radiation which is emitted by the opened hot cells and reflected back by the growing layer. The reflected radiation is recorded by the spectrometer (kSA BandiT, detection range 870-1400 nm) mounted on the central pyrometer port. At the beginning of the growth the detected spectrum closely resembles that of the black-body radiation with temperature close to the temperature of the Mn cell, as shown in Fig. 3(a) . During the growth the reflected intensity exhibits clear interference oscillations with the wavelength dependent period. The corresponding time-dependent dimensionless reflectance is shown in Fig. 3(b) . The occurrence of Fabry-Perot interference oscillations implies that the growing film is transparent in the detected spectral range.
If combined with the known growth rate, the interference period allows us to estimate the index of refraction, as shown in Fig. 4 . The resulting value of n ≈ 2 is relatively low compared to common sp-band semiconductors. Note that theoretically the low refractive index of LiMnAs is explained by means of the admixture of the correlated Mn d-states in the density of states [1] .
LiMnAs samples of thickness 200 nm were analyzed by XRD. The 2Θ-ω scan in Fig. 5(a) [110]
[110]
[010] (001) in agreement with the expected relative crystal orientation of LiMnAs grown on InAs (see Fig. 1 ).
CONCLUSIONS
We have prepared high quality, single crystal thin film samples of LiMnAs by the standard solid source MBE technology which demonstrates the feasibility of epitaxial growth of group- 
